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ABSTRACT
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SEMCONDUCTOR DEVICE AND METHOD
FOR FABRICATING THE SAME
BACKGROUND OF THE INVENTION

0001 1. Field of the Invention
0002 The invention relates to a method for fabricating
semiconductor device, and more particularly to a novel
high-k metal gate process for lowering junction leakage and
interface traps in NMOS transistors.
0003 2. Description of the Prior Art
0004. With a trend towards scaling down size of the semi
conductor device, conventional methods, which are used to

achieve optimization, Such as reducing thickness of the gate
dielectric layer, for example the thickness of silicon dioxide
layer, have faced problems such as leakage current due to
tunneling effect. In order to keep progression to next genera
tion, high-K materials are used to replace the conventional
silicon oxide to be the gate dielectric layer because it
decreases physical limit thickness effectively, reduces leak
age current, and obtains equivalent capacitor in an identical
equivalent oxide thickness (EOT).
0005. On the other hand, the conventional polysilicon gate
also has faced problems such as inferior performance due to
boron penetration and unavoidable depletion effect which
increases equivalent thickness of the gate dielectric layer,
reduces gate capacitance, and worsens a driving force of the
devices. Thus work function metals are developed to replace
the conventional polysilicon gate to be the control electrode
that competent to the high-K gate dielectric layer.
0006. However, there is always a continuing need in the
semiconductor processing art to develop semiconductor
device renders superior performance and reliability even after
the conventional silicon dioxide or silicon oxynitride gate
dielectric layer is replaced by the high-Kgate dielectric layer
and the conventional polysilicon gate is replaced by the metal
gate.
SUMMARY OF THE INVENTION

0007. A method for fabricating semiconductor device is
disclosed. The method includes the steps of providing a
Substrate; forming an interfacial layer on the Substrate; form
ing a high-k dielectric layer on the interfacial layer, forming
a first bottom barrier metal (BBM) layer on the high-k dielec
tric layer; performing a thermal treatment; removing the first
BBM layer; and forming a second BBM layer on the high-k
dielectric layer.
0008 According to another aspect of the present inven
tion, a semiconductor device is disclosed. The semiconductor

device includes a Substrate, a gate structure on the Substrate,
and a source/drain region in the Substrate adjacent to the gate
structure. The gate structure includes an interfacial layer and
a gate on the interfacial layer, in which the nitrogen concen
tration of the interfacial layer is less than 10 ppm.
0009. These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

0010 FIGS. 1-4 illustrate a method for fabricating a semi
conductor device having metal gate according to a preferred
embodiment of the present invention.
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0011 FIG. 5 is a graph illustrating a relationship between
junction leakage and interfacial layer thickness in NMOS
transistor according to a preferred embodiment of the present
invention.
DETAILED DESCRIPTION

(0012 Referring to FIGS. 1-4, FIGS. 1-4 illustrate a
method for fabricating a semiconductor device having metal
gate according to a preferred embodiment of the present
invention. In this embodiment, the semiconductor device is

preferably a CMOS transistor, in which the method prefer
ably utilizes a gate-last approach accompanying a high-k first
fabrication. As shown in FIG. 1, a substrate 100, such as a

silicon substrate or a silicon-on-insulator (SOI) substrate is
provided. A first region and a second region are defined on the
substrate 100, such as a NMOS region 102 and a PMOS
region 104. A plurality of shallow trench isolations (STI) 106
are formed in the substrate 100 for separating the two tran
sistor regions.
0013 Next, a pre-clean is carried out to clean the surface
of the substrate 100, and an interfacial layer 108 is formed on
the substrate 100. The interfacial layer 108 is preferably
formed through an in-situ steam generation (ISSG) process,
in which the interfacial layer 108 is composed of silicon oxide
and the thickness thereof is around 10 Angstroms.
0014) Next, a pre-clean is performed by using standard
clean agent SC-1 to clean the surface of the interfacial layer
108 prior to the deposition of high-kmaterial for 300 seconds.
A high-k dielectric layer 110 is then deposited on the inter
facial layer 108 through an atomic layer deposition (ALD)
process. In this embodiment, the high-k dielectric layer 110
could be a single-layer or a multi-layer structure containing
metal oxide layer such as rare earth metal oxide, in which the
dielectric constant of the high-k dielectric layer 110 is sub
stantially greater than 20. For example, the high-k dielectric
layer 110 could be selected from a group consisting of
hafnium oxide (H?O), hafnium silicon oxide (HfSiO),
hafnium silicon oxynitride (HfSiON), aluminum oxide
(AlO), lanthanum oxide (LaO), lanthanum aluminum oxide
(LaAlO), tantalum oxide, Ta-Os, Zirconium oxide (ZrO2),
zirconium silicon oxide (ZrSiO), hafnium zirconium oxide
(HfzrO), strontium bismuth tantalite (SrBiTa-O, SBT),
lead zirconate titanate (PbZrTiO, PZT), and barium
strontium titanate (Ba, Sr., TiO, BST). The thickness of the
high-k dielectric layer 110 is preferably around 20 Ang
StrOmS.

(0015) Next, a bottom barrier metal (BBM) layer 112 is
deposited on the high-k dielectric layer 110. Preferably, the
BBM layer 112 is composed of TiN, but not limited thereto.
0016. It should be noted that a decoupled plasma nitrida
tion (DPN) process is typically carried out before the depo
sition of the BBM layer 112. However, in order to prevent that
too much nitrogen from diffusing into the interfacial layer
108 and the high-k dielectric layer 110, the DPN process is
preferably skipped in this embodiment. By skipping the DPN
process prior to the deposition of the BBM layer 112, the
negative bias temperature instability (NBTI) of the PMOS
region could be improved substantially.
(0017. After the BBM layer 112 is deposited, a silicon layer
114 is deposited through chemical vapor deposition (CVD) or
physical vapor deposition (PVD) process on top of the BBM
layer 112 thereafter to prevent impurities or contaminants
from entering the BBM layer 112. Preferably, the silicon layer
114 is composed of amorphous silicon, and the thickness
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thereof is between 100 Angstroms to 300 Angstroms, and
more preferably at around 200 Angstroms.
0018. Next, a thermal treatment 115 is performed to inject
nitrogen into the high-k dielectric layer 110 instead of into the
interface between the interfacial layer 108 and the high-k
dielectric layer 110 thereby reducing interface damage. Pref
erably, environmental gas such as oxygen and nitrogen could
be injected during the thermal treatment process, in which
nitrogen gas has found to be the preferable choice. The ther
mal treatment is carried out between 700-1000°C., and more

preferably at 975° C.
0019. Next, as shown in FIG. 2, the silicon layer 114 and
the BBM layer 112 are removed through wet clean process,
and another BBM layer 116 is deposited on the high-k dielec
tric layer 110. The means for depositing the second BBM
layer 116 could be the same as the one used for depositing the
first BBM layer 112, and the material and the thickness of the
second BBM layer 116 could also be identical to that of the
first BBM layer 112.
0020. After the second BBM layer 116 is deposited, a
sacrificial layer, such as another silicon layer 118 is deposited
on the surface of the second BBM layer 116. The second
silicon layer 118 could be composed of undoped polysilicon,
polysilicon having n+ dopants, or amorphous silicon mate
rial, and the thickness thereof is preferably at around 550
Angstroms. After the second silicon layer 118 is formed, a
hard mask 119 composed of SiO, SiN. SiC, or SiON could be
deposited on the silicon layer 118 thereafter.
0021 Next, as shown in FIG.3, a pattern transfer is carried
out to partially remove the hard mask, the silicon layer 118,
the BBM layer 116, the high-k dielectric layer 110, and the
interfacial layer 108 to form two dummy gates, such as a first
gate structure 120 and second gate structure 122 in the PMOS
region 104 and the NMOS region 102 respectively.
0022. Next, ion implantations are carried out in the PMOS
region 104 and the NMOS region 102 to form a lightly doped
drain 128 in the substrate 100 adjacent to two sides of the first
gate structure 120 and the second gate structure 122, and a
spacer 126 is formed on the sidewall of the gate structures 120
and 122, in which the spacer may include an offset spacer 164
and a main spacer 166. After the offset spacer 164 is formed
on the sidewall of the first gate structure 120 and second gate
structure 122, a selective epitaxial growth process could be
carried out to form an epitaxial layer 132 in the substrate 100
adjacent to two sides of the offset spacer 164 of the PMOS
region 104, in which the epitaxial layer 132 preferably
includes silicon germanium.
0023. After the epitaxial layer 132 is formed, the main
spacer 166 is formed on the sidewalls of the offset spacer 164,
and another ion implantation is carried out to form a source?
drain region 130 in each of the NMOS region 102 and PMOS
region 104. It should be noted that even though the ion
implantation for the source/drain regions 130 is conducted
after the formation of the epitaxial layer 132, the source/drain
regions 130 could also be formed before the epitaxial layer
132, which is also within the scope of the present invention.
0024. A salicide process could be performed thereafter by
first forming a metal selected from a group consisting of
cobalt, titanium, nickel, platinum, palladium, and molybde
num on the epitaxial layer 132 and the source/drain 130, and
then using at least one rapid thermal anneal process to react
the metal with epitaxial layer 132 and the source/drain 130 for
forming a silicide layer 134 on the surface of the epitaxial
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layer 132 and the source/drain 130 of the NMOS region 102
and the PMOS region 104. The un-reacted metal is removed
thereafter.

0025. Next, a contact etch stop layer (CESL) 136 is depos
ited on the first gate structures 120 and the second gate struc
tures 122, and a process such as flowable chemical vapor
deposition, FCVD) is carried out to form an interlayer dielec
tric (ILD) layer 138 on the CESL 136.
0026. Next, as shown in FIG. 4, a planarizing process,
Such as a chemical mechanical polishing (CMP) process is
performed to partially remove the ILD layer 138, CESL 136,
and hard mask 119 so that the top of the dummy gates com
posed of silicon within the first gate structure 120 and the
second gate structure 122 are exposed and Substantially even
with the surface of the ILD layer 138.
0027 Next, a replacement metal gate (RMG) process is
conducted to form a metal gate in each of the NMOS region
102 and PMOS region 122. According to a preferred embodi
ment of the present invention, the RMG process could be
carried out by first performing a selective dry etching or wet
etching process, such as using etchants including ammonium
hydroxide (NH4OH) or tetramethylammonium hydroxide
(TMAH) to remove the silicon layer 118 from the first gate
structure 120 and the second gate structure 122 without etch
ing the ILD layer 138 for forming a recess (not shown) in each
transistor region 102 and 104.
0028 Next, a work function metal layer 142 and a con
ductive layer 144 with low resistance material are deposited
to fill the recess, and then one or multiple planarizing process,
such as a CMP process is carried out to partially remove the
conductive layer 144 and work function metal layer 142 to
form a first metal gate and second metal gate in the NMOS
region 102 and PMOS region 104 respectively. It should be
noted that as the present invention pertains to a CMOS device
having dual work function metal layers, the fabrication of the
work function metal layer 142 in the NMOS region 102 and
work function metal layer 142 in the PMOS region 104 are
preferably separated. As this approach is well known to those
skilled in the art, the details of which is omitted herein for the

sake of brevity. Moreover, the aforementioned layers formed
in the N/P MOS region could be different according to the
demand of the product.
0029. In this embodiment, the p-type work function metal
layer is selected from a group consisting of TiN and TaC, but
not limited thereto. The n-type work function metal layer is
selected from a group consisting of TiAl, ZrA1, WAl, TaAl,
and HfA1, but not limited thereto. The conductive layer 144 is
selected from a group consisting of Al, Ti, Ta, W. Nb, Mo, Cu,
TiN, TiC, TaN, Ti/W, and composite metal such as Ti/TiN, but
not limited thereto.

0030. It should be noted that despite the aforementioned
embodiment applies to a high-k first process, the present
invention could also be applied to a high-klast process, which
is also within the scope of the present invention. This com
pletes the fabrication of a semiconductor device according to
a preferred embodiment of the present invention.
0031. Overall, the present invention discloses a high-k
metal gate process for lowering junction leakage and charge
state between the substrate and interface of the device by first
skipping a conventional DPN process prior to deposition of
the first BBM layer on the high-k dielectric layer, performing
a thermal treatment before depositing a silicon layer on the
first BBM layer, removing both the silicon layer and the first
BBM layer, and then re-depositing a second BBM layer on
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the high-k dielectric layer. Consequently, the nitrogen con
centration of the interfacial layer underneath the high-k
dielectric layer could be controlled under 10 ppm.
0032 Referring to FIG. 5, which is a graph illustrating a
relationship between junction leakage and interfacial layer
thickness in NMOS transistor, in which the y-axis indicates
the junction leakage of the device while the X-axis indicates
the thickness of the interfacial layer. As shown in FIG. 3, the
triangular marker with bold outline indicates a baseline pro
cess for which conventional DPN process is utilized for fab
ricating the device. The rectangular marker with a cross
embedded inside indicates the target value. A cluster of rect
angular and triangular markers situating to the right of the
rectangular target marker indicates the result obtained by
carrying out the aforementioned steps disclosed above. That
is, the steps of skipping the conventional DPN process,
depositing a first BBM layer and silicon layer on the high-k
dielectric layer, removing both the first BBM layer and the
silicon layer, and then re-depositing a second BBM layer and
a second silicon layer thereafter. It is evident from the graph
that by using the aforementioned process for fabricating the
device, the junction leakage of the NMOS transistor is
improved Substantially.
0033 Preferably, the present invention further discloses a
semiconductor device structure fabrication from the afore

mentioned process, in which the device includes: a Substrate,
a gate structure on the Substrate, and a source/drain region in
the Substrate adjacent to the gate structure. The gate structure
preferably includes an interfacial layer and a gate on the
interfacial layer, in which the nitrogen concentration of the
interfacial layer is less than 10 ppm. A spacer is formed
around the gate structure, and the gate preferably includes a
high-k dielectric layer on the interfacial layer, a bottom bar
rier metal (BBM) layer on the high-k dielectric layer, a work
function layer on the BBM layer, and a low resistance metal
layer on the work function layer. The BBM layer preferably
includes TiN, and the work function layer includes a p-type
work function layer or a n-type work function layer depend
ing on the type of the device being fabricated.
0034. Those skilled in the art will readily observe that
numerous modifications and alterations of the device and

method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be con
strued as limited only by the metes and bounds of the
appended claims.
1. A method for fabricating semiconductor device, com
prising:
providing a Substrate;
forming an interfacial layer on the Substrate;
forming a high-k dielectric layer on the interfacial layer;
forming a first bottom barrier metal (BBM) layer on the
high-k dielectric layer,
performing a thermal treatment;
removing the first BBM layer; and
forming a second BBM layer on the high-k dielectric layer.
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2. The method of claim 1, further comprising performing a
pre-clean before forming the interfacial layer.
3. The method of claim 1, further comprising:
forming a sacrificial layer on the second BBM layer;
patterning the sacrificial layer to form a dummy gate;
forming a spacer on the sidewall of the dummy gate;
forming a source/drain region in the Substrate adjacent to
the spacer,
forming a contact etch stop layer on the dummy gates;
forming an interlayer dielectric layer (ILD) on the contact
etch stop layer, and
performing a replacement metal gate (RMG) process to
form the dummy gate into metal gate.
4. The method of claim 3, wherein the sacrificial layer
comprises amorphous silicon or polysilicon.
5. The method of claim 1, wherein the interfacial layer
comprises silicon oxide.
6. The method of claim 1, wherein the first BBM layer and
the second BBM layer comprise TiN.
7. The method of claim 1, further comprising forming a
silicon layer on the first BBM layer before performing the
thermal treatment.

8. The method of claim 7, further comprising removing the
silicon layer and the first BBM layer before forming the
second BBM layer.
9. The method of claim 7, wherein the silicon layer com
prises amorphous silicon.
10. The method of claim 7, wherein the thickness of the

silicon layer is between 100 Angstroms to 300 Angstroms.
11. The method of claim 1, wherein the temperature of the
thermal treatment is between 700-1000° C. .

12. A semiconductor device, comprising:
a Substrate;

a gate structure on the Substrate, wherein the gate structure
comprises:
an interfacial layer, wherein the nitrogen concentration
of the interfacial layer is less than 10 ppm; and
a gate on the interfacial layer; and
a source/drain region in the Substrate adjacent to the gate
Structure.

13. The semiconductor device of claim 12, further com

prising a spacer around the gate structure.
14. The semiconductor device of claim 12, wherein the

gate comprises:
a high-k dielectric layer on the interfacial layer,
a bottom barrier metal (BBM) layer on the high-k dielectric
layer;
a work function layer on the BBM layer; and
a low resistance metal layer on the work function layer.

15. The semiconductor device of claim 14, wherein the

BBM layer comprises TiN.

16. The semiconductor device of claim 14, wherein the

workfunction layer comprises a p-type workfunction layer or
a n-type work function layer.
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